# 



In addition to the claim amendments, this Preliminary 



Amendment makes formal changes to the drawings and specification. 
The changes to Figs . 4A and 4B correspond to drawing changes in 
the parent reissue application and are supported by the 
originally filed specification of the present continuation 
reissue application which refers to respective focal distances FD 
and working distances WD" of Figs. 4A and 4B. The specification 
has been amended to correct typographical errors in the original 



Entry of the above amendments and early and favorable 
consideration of this application in the form of a Notice of 
Allowance are respectfully requested. 
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IZL'&J" 1 " 5howin « « arrangement of a main 
«ction of the embodiment FIGS. 3A and 3B are per- 
g^^w 8 cartridges of optical disci in the em. 

la FIGS. 1 to 3A tad 3B. reference numeral I dc 
notes » fee or second optical disc. TOcfaieoes of dec 

ire drfrewt Reference numeral 2 denotes . onridS 
which enclose the optical disc 1 «nd protect The 
czrodje ^ ; „ mode of piasria or the Bee. Reference 
numeral 3 denotes i first optical head and-5 indicates a 
«*T opucai head. Each of the optica] beads is «n' 
Jtnic^ by i converging optical [system] unit 

^ . boa . S p| 1Ct «; uc! 0, e (lJ j of ^ 

< no .< Jh0 *=)- &>« of the opdcai bad de«L 

T^l-'V OSSiJ whici ^ <*" «oS* oath! 
opoal d« I oc tie buis of u ime«iry or «" msfe 

^ / X ^"Jf. ie °P u<aid «l«'ij«cr 1 « S x ?ll o t odc«. 
^3 ?\ Jf/F M '° 11,8 0utsidt ^ hftwwton sig=ai b re- 

^ - " " rded °? t0 w Own thc opdcai disc I by tnodu. 

heads have hues te sold die ibove opdcai devices and 
•rauBB. A reproduction mforaaticn signal, £££ 
erreragnii. and a tracking error signal whieh ire *e^ 
fra=1 «« Pboco detector of Che fet octal tad 

« ' • "^^"'SS^^o^cpTotodetecaror 
h, £> tie jecond opticaJ [discJJiead 

t S aretiio erpreoed by Sv F- 

r \, T I* r=pecnvdy. Refereccs numeral < de=o« a 

< <o o du-ccaoa of the due « paralld with the disc nrScI 

3 S> v £ motor * M d M v a the second o P S 

J^;i 0Wn • I m . " * the second linear Jeer S is 
O • ^f^^^^-o-^CeoftheouierxcLpe 

I ,? ^ ? m ° n ° f !he °* daJ dis = L -nterefort "hTa 

* t second optica] head S mov a to the outeraTo^t nde 

*e opuca: head 5 ii ? rojec^ C-oo the !ow e -^ c . »7 
.tte opcoJ disc Refsaee mseai 7 decotes XL 
nation hcie for=ed on -Jte of ie e^-ct'f " 

sc. .bed w,;h raerenee to FIGS. 3A »d 3B. Ti- ^. 
cnmuuHon hole 7 is dosed in the case w Pt ~V 1" 
£ 1 "Closed i» the c^iTi^e to ofc P S 
shown a .-10. 3A «d -j opec a the «e wher-^i, 
•owed 1 opttcaJ disc scow, in FIG. IB. Re:er«« au* 
«tnl a deaotes , slide shutter. Sin* ±- spti ^ 

S3bod;:BMt ^ !*o optical heads. >, 
slide shurterj we provided. Wien the a.--ic;- „° 
reaoved frca, the o p! isaJ di» , vfutVii . . At 

Re.ere=ee nunerai 3 denotes i Ujh: raitMi ^od- 
(bcresjuicer. abbreviau-d to « LSD) J wiich iTI^p; 
so « to be located ov er tie discrii.-atie.-j hole 7 w£ 
»« euwdgt 2 haa been load*! u,«o the optical d£ 
«ppanras of the exbodiaeci Rerersce 9 

. fac. the LSD 8 through the care-dje 1 Tee photo 
fod, > 9 generates a detection sijnai to » systea „„ !r0 | 
ler 22. w,-,ch will be explain* hereinlater. Re : V«c- 
nu=e.-ai 10 denotes , Snt seier.or for Meeting ithe- 
one of the ftrst y 3U p of photo detection apsis (S, = 
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«gnal In accordance with the rimai p, 

control % s^^J™^ 

movag the second optical head 5 m the inner or outer 
rm dxreoon of the optica] disc L Tne spindle control 
craut 17 extract , dock component from the informa- 
™K 1Wd C ? n£TOls Remoter 13. thereby 
SEE,, discI * t * « U tan: linear velocity 

t% • f constant «ffyl»f velocity (CA V) or the lie. 
T*e signal processing circuit 1? «eW n >tl p£ 
«ch as demodulation, decoding and the like to 
the tnfomacon signal S 2 in the reproducing mode and 
generates to the outside as mdio or video signals orrte 
like. On the other hand, tie signal proc^^tw 

«d die : like to the audio or video signals or the lit- 
which have been applied from the cutside L "e £ 
cording mode and generate to the LD driv-g circuit 
unload^ * ^ 2 is [loaded]. 

Jhe second optical bead 5 records or reproduce the 
• information signal onto/from the second optical disc L 
On the other hand, in she case where :he ear- 'dg- 1 
enclosing the firs: optical disc has been leaded law the 
optical disc apparatus of the embcciner.t, sir.ee the 
discretion hcie 7 is closed, the ehcto dicce 9 do- 
era t detec: the trans mission light. Therefore, the svs. 
t« controller 22 determines that the disc in the car- 
tndge 2 is the foregoing first optical disc Thus, the 
controUer 22 generates control signals eo the first to 
fifth Sectors 10. u. 14, 16. and 21 so as to seiec: the 
terminals Aon the first optical head side. Tnerefcr- the 
^conductor laser of the first ooceaJ head 3 is selected 
« u : output destination of the driving current- which is 
applied from the LD driving circuit 20. 71c photo 
detector of the first optical head 3 is selected as art input 
destination of the tracking control circuit n. fee? 
control emit 23, spindle control droit IT, and rimal 
prccasing circuit 19. Tne actuator of the ttrst optical 
head 3 is selected as an output destination of the icrua. 
tor driving signals of the tracking control circuit n M d 
focusing control circuit 13. Tne first linear meter + is 

steered as in output destination of the driving ^ 

of the linear motor "control circuit [171 15. 
r Therefore, the 

lint optical head 3 irradiates the laser bean and con- 
verges onto the information trade on the oottcd disc 1 
without an aberration. Sire ai tan eousiv, the reSecte* 4 
lights from the disc are detected and generated is"thc 
information signal Si, focusing error signal and 
tracking error signal T|. The ibeve signals are suceiied 
through the first selectors 10 to the restive circuits 
Tnat is, the sigr.ai S f is suspiied to the setndle ccrTtToi 
creuu 17 and sigr.il processing eircu:: 19. The sirr.ai 
Ft is supplied to the focusing centre! cireui: 13. Tee 
signal Ti is supplied to the tracking errer detecting 
circuit 11. The subsequent ooeraricw ire jisiiar"w 
those a the case of the seccr.c cpticai disc sectioned 
above. 

In the case where the objective Icr.s cf the second 
optical bead is a (ens of i high N'A and i short [operatinel 
working • 

distance, it is accessary to se: an interval xt-^een the 
second optical head 5 and the surface cf the ccttcci disc 
1 to be fairiy narrower than that in the case of :r.e Hrst 
optical head [5] 3. 

Therefore, whiie the first optica; disc is 
loaded, the centre iter 22 controls '-he seccr.c ^nee- 
motor 6, thereby moving the second creed head 5 tc 
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system mentioned in the second embodiment of the 
^ tte Hmcollimating lens 33, the first beam spUtter* 
constructs the second converging optical gystcT to- 
gether with the first u^candv^ ]^jCihc tmt 
coiWing lot 33, the first beam splitter 34 fand tol 
[first mirror 35] which are commonly £5 for S?2 
anversms optical system. The first converging opricai 
system is mounted onto * common base (iot Z^) 
wgcgr with the first md second shutters [5] 3 ' 

thereby constructing the fourth optical head 50. Since 
the lens bolder 39 and the actuator « have the same 
construction is those in the third coricai had 30 in the 
second embodiment tfae-r descriptions ire omirted here. 
The fourth optical had 50 is attached :o the first linear 
motor 4. 

The operation of the optica] disc apparatus in the 
cmbodtmeot with the ibove construction wffl oow be 
described bereinbclow. The kind of opdeal disc is de- ■ 
tested u 1 manner similar :o the above. When the sys- ' 
tern controller 22 determines that As disc in the loaded 
cartridge 2 is the second optical disc. the controller 2* 1 
generates control signals to the first and second shutters 
51 and 52 of die fourth optical bead 50. When the con- • 
troi signals ire supplied, the first shutter 51 is closed and ' 
the second shutter 52 is open. In the ibove rate, the 
laser beam emitted from the first semiconductor 'aser 32 
is converted into the parallel bean by the first cciiimat- 
fflg lens 33 and is divided into the transmission light and 
the reflected light by the first bene splitter & T* c ' 
.transmission light is shut out by the first shutter 51 via 
the first mirror 35. Consequently, only the reflected 
light passes through the second shutter 52 and is con- 
verged onto the optica: disc 1 by the second abjective 
leas 46. Tac light reflected by the optical disc 1 is again ' 
converted uito the parallel light by the second objective 
lens 46 and pisses through the second shatter 52 and is 
reflected and separated by the first beam splitter U and 
a converged onto the first photo detector 38 bv the first • 
detecting lens 37. The first photo detectcr 38 generates 
the focusing error signal and tracing trror signal from 
the converged reflected light of the disc md reproduces 
the imcrmation signal ou the disc Tac above ooencons 
ire executed until the cartridge 2 is unleaded.* 
m Since (he operations of the first linear motor i trick- 
ing control circuit 11, focusing control circuit 13, linear 
motor control circuit 15. spindle control circuit 17 
jptrdle meter 18. signal processing circuit 15, LD driw 
mg mrcuit 20. md system controller 22 ire the sam- is 
those in the optical disc apparatus cf the foregoing firs; 
embodiment, their desert prions ire emitted here. 

On the other hand, if the system controller 22 de'-. 
mines that the disc in the leaded cartridge 2 is ;h- firr 
optical disc, the first shutter 51 is ooecec ir.d the sicccd 
•shutter 52 is dosed. In the ibov C rate, in ±z transmis- 
sion light ind the reflected light by the firs; beam s-iit- 
ter K the reflected iighi is shut out bv tee second shut- 
ter 52 and only the transmission ught casses through 
fint cutter 51 ind is converged onto the optical *isc 1 
by the first objective lees 36. Tac other operations ire 
executed tn 1 manner simiiar co those in ±e case of "re 
second optical disc 

As mentioned above, according to the third embodi- 
ment, tn addition to the -Tects by the second embodi- 
ment, since the first ice second shutters 51 and 52 are 
prodded as light flu.x selecting deans, the semiconduc" 
tor laser, coiiimiting lens, beam solitter, detecting lc-s 
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h "* of *• amvagiag optical 

« the feregotag fourth optical bad SO, tier dcS 
aooa are omitted here. Refer-es «u-,.~i1JV^^ 

to bold aeSSd 

senator to wbieb (be lea holder «V«Sw^ 

™ (1 . e< " w ™« » «fth oprical had J3. 

^ B * ^'e* *hea (he wave front eorre~. 

of A opoeal fa :be diagras. ± e ,„ » 

>ve lea, « is ; den{iciJ t0 the , ^ - "ooje* 

SJ^ *J he ,ens * »« 

ooj« v e leaj « constructs the secend eenve-ca* 
opoai .ystea aennoaed in the second esWfc^tf 
the BveaaoB together with the first se-ecod^c 
taer Sl fint coIUb^b lea 33. ar.d first be^ ^ £ 

Bw wnvergwg optical S ystea bv addisg ie *,«! 
col sys^a. 4 » W P" 

Sic« . whole aoni««so a of tie optiai disc » opXfl . 

mot saawo « FIG. 7 oeotioned ibov«. j„ d«r- ? lca 
u otarted acre. -r^--* 

fJSt Cp t^. on of * e optical dise aopmo, is 



ww be described herrjbe-ow with rapec 
fifth cpt.eal bead 53. Tzc kind of optical dL a a «e— 

ler - detersanes that the disc in the loaded sanrd-. ' 
« the second optica! disc, the controller 2: j-nerat a * I 

« «PPiie4 the slider SS 3 ov« the w.v e from ™„r- 
Wg lers Si to the position p,. Tne laser bean — 
fran :he Hrst seciicsnductor laser 32 is cor.verTrd' : i-a 
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optical system corresponding to the thin disc substrate, - 
a tracking error signal cannot be ordinarily obtained 
from an optical disc of a thick disc substrate doe to a 
spheral aberration of the conversing beam. Conse- 
qutady two optical disc havfeg different tmckaesses 
can be tenio«ed by cheddng the presence or ab- 
sence of the tracking error signal In such « cue; there 
aan excellent effect inch that the apparatus is amplified 
because there a no need to «e the detecting means such 
as LED and photo diode and the like 

The optical head in each of the above^cscribcd opti- 
cai due apparatuses has been constructed by a coaven- 
nonal optical system- using die objective lens aide of a 
quartz glass or the like. An opdcai bead in each of opti- 
cal disc apparatuses of embodiments, which will be 
explained berdniater. differs from the above opdcai 
head and is constructed by forming an'opccaj system 
onto a chin film waveguide. 

FIG. 10 is a block diagram showing * cansxnxcaoo of 
an opucai disc appararus according to the fifth embodi- 
ment of the invention. Further, FIG. 11 ii a schematic 
perspective vtew showing a constnxeaon of an optical 
head of the optical disc apparatus in the fifth embodi- 
ment of the invention. Since a construcJon shown in 
FIG. 10 u jubjtaadaily the same as that of the opdcai 
disc apparatus in the second embodiment of the inven- 
tion shown in FIG. 5 except that a sixth optical head 50 
u used, its description is omitted here. The sixth optical 
head 60 shown in FIG. U will now be described in 
detail bereinbeiow. 

In FIG. It reference numeral I denotes the same 
opocai disc as that described in the foregoing embodi- 
meats. Reference numeral 300 denotes an information 
track formed on the opdcai disc L Reference numeral 

61 denotes a. substrate formed by LiNbOj or the like. 
The substrate 61 is attached to a head base through a 
focusing actuator and a tracking actuator and con- 
structs the sixth optical head SO together with them. 
Since the focusing actuator, tracking aeruatcr, and head 
base which have conventionally been wcil known can 
be used as those components, their detailed description 
and the drawings are omitted here. Reference numeral 

62 denotes an optical waveguide formed on the sub- 
strate [51] 61, 

by TI diffiaioo or ±c like; S3 a first semicon- 
ductor laser coupled to an edge surface of the optical 
wavegwde 62; and « a first waveguide !ens arranged 
on an optica] path of the waveguide light which has 
been emined from the first semiconductor laser 53 and 
entered the opucai waveguide [61] 62. 

i » - For TT'urT, t "s- 

ndles torxed by w decvon baa lithosrauev ^b, 
used « » lens «. Reference auaerU Si deletes Tl- 
57 w fP d «l « u ? i5 -- braed on ie 5c dcU path 
of the pmild waveguide light. The coucicr 65 eaia 
tie waveguide light to , pc.tic out of a JriS 
wavegmde 42 „d converges cn:o the o ot :=d 6 t£? 
Tie first converging grating cousler 63 3 1 gratiri 
h»v«g a =hr? (irregular period) by , curve fc^, 0 * 
tie w.veg.o.dc by e!ec .. 0B ^ direK in ^ «■ 

luce. Reierence nuserai 66 desotes a fat bew »p|j.£ 
wtaea „ arr^jrf between the tot wave££ 2*'£ 
and the (,„{ ewverjing g^g Muplef a ^ 
rates the waveguide light whieH hat been .-erursed into 
the opocai wave^ide « ^ flnt „ nver .™ 

gnong coupler <S after it had been reflected bv «J| 
0 P ««i d»c 1. Reference nucerai 67 der.ctes £ 
wtvegmde converging lens which is arranzri on £e 
opttcaJ path 3 f u, e „„ wtweJuide lishl - which £ 
been separated by the first bean: splitter 60 ind con- 
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verges the return light. Reference numeral 68 denotes a 
first photo detector which is coupled to the side surface 
of the optical waveguide 62 and detects the return 
waveguide light which has been converged by the first 
waveguide converging lens 67.' 

Similarly, reference numeral 59 denotes a second 
semiconductor User coupled to the edge surface of the 
optical waveguide 62; 70 i second waveguide leas ar- 
ranged on the optical path of the wiveguide light which 
has been emitted from the second semiconductor laser 
69 and entered the opricaj waveguide [61] 

, and 71 a se*"« 

path of the parallel waveguide light. The coupler 71 
emits the wavegutde light to i position out of the optical 
wiveguide 62 and converses onto the optical dfac I 
Reference aumerai 72 denotes a second beam splir^ 
whica is arranged between the second waveguide !ezi 
70 and the second eon verging grating coupler 71 ted 
separata the waveguide tight which has been reruns 
mto the opricai wav-guide 52 through the second ccc" 
verging grating coupler 71 after it had been -leered bv 
the optical disc 1. Reference numeral 73 decotes a sec*, 
ond waveguide converging ! w wflfch ^ ^ Q ' 
the optical p«h of the return waveguide light which has . 
been separated by the second beam splitter 72 and con- 
verges the return waveguide light. Reference numeral 
74 denotes a second phcto detector which is counted -o 
the side surface of the opricai waveguide 62 and detects 
the return waveguide light converged by me second 
waveguide converging lens 73. 

A curve chirp grating of the first converging grating 
coupler 65 has been desired in a manner such thVu fcr 
instance, N A -<W and the emission Ught can be con' 
verged until a difTraction limit and the aberration due :o 
. -the disc substrate of (he thickness di can be correct 
Tae second converging grating couoier 71 has be- 
designed m a manner such that, for example, NA «0 i 
and the aberration due :o -he disc substrate of As thick- 
oess di can be corrected. 

Tie firs; and second beam splitters 66 acd 72 ar- 
attached at positions which are deviated so that the 
reflected light of each beam splitter dees not em<r tfc- 
other beam splitter as a stray light. 

Such an optica! waveguide and a waveguide cy— 
device have been described ia detail in. for oampiV 
Ntsh.hara. Haruna, and Saihara. "Optical Integrated 
Circuit Ohm Co., Ltd.. I53«, or the like. In the SW. 
uon. both of the above weii-oown optical wtveguid- 
md waveguide type device can be used in the optical 
waveguide 62 or the like. 

The operation of the optica] bead in the fifth embod : - 
ment with the above construction will now be J esc-be"- 
here:nbe!ow. ~ 

If the optical disc i is -.he fsz: optical disc 'nV— 
current is supplied to the f:r* se=icoaducicr"aser 63* 
Then, the laser 63 emits i ^ beam from one edg- 
sunace Of the optical waveguide 62. Tie laser beac 
propagates is a wtve^de light. The w*ver»d: jzht is 
converted into the parallel ught by the fee waveguide 
ens 6i, p c ?ariJ | ci ^ 

ter 66 and subsequently enters uhc first converger grat- 
ing coupler 65. Toe coupler 55 extracts the parallel lizh* 
out of the optical waveguide 51 and converges onto 
information track 200 on the Xrzt optical disc 1 T>- 
reflected light from the disc surface again enters the 
optical waveguide 62 through <he first converging grat- 
ing coupler 65 and propagates as a return wr/sguide 
ugnt in the opposite direction. Fur.her, As return 
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